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REAL PARTY IN INTEREST 

The real party in interest is ORBOTECH, LTD., assignee of all rights to 
the present Application. 

RELATED APPEALS AND INTERFERENCES 

There are no other related appeals and interferences known to Applicant 
or to the real party in interest. 

STATUS OF CLAIMS 

Claims 1-8 are pending. Claims 4-8 are the original claims as filed. 
Claims 1-3 have been amended, in response to an Official Action mailed September 29, 
2003, which was filed on December 29, 2003. Claims 9-33 have been cancelled. 

Claims 1-8 are being appealed. 

STATUS OF AMENDMENTS 

No amendments have been filed subsequent to the Final Rejection. 

SUMMARY OF THE INVENTION 

The present invention includes a method for inspecting objects including 
creating a reference image for a representative object, acquiring an image of an object 
under inspection, and comparing portions of the image acquired to corresponding 
portions of the reference image, thereby to identify defects. The reference image 
includes an at least partially vectorized first representation of boundaries representing 
the representative object. The acquired image of the object being inspected includes a 
second representation of boundaries representing the object under inspection. The 
comparing includes comparing a location of at least some boundaries in the second 
representation of boundaries to a location of corresponding boundaries in the at least 
partially vectorized first representation of boundaries. 

The inspection methods of the present invention include comparison 
based inspection in which a region in the image surrounding an inspection trigger is 



analyzed and compared to a reference. Comparison is preferably based on a comparison 
of CELs [contour elements] in the image of the object being inspected 4 to CELs in a 
reference image for the region correlating to the region triggered as having a suspected 
defect, (page 23, lines 20-24) 

In accordance with a preferred method of comparison, in a learn stage 
binary CELs in a reference are combined and converted into vector lines comprising 
directed components. The directed components represent edges between morphological 
features and substrate in a reference image, and are stored in memory for use during 
inspection of online images of objects being inspected. CELs and the generation of 
vectorized line components are described in greater detail with reference to Figs. 21 A - 
2 ID of the present application, and the CELs to vector comparison function is described 
hereinbelow in greater detail with reference to Figs. 3 OA - 32B of the present 
application, (page 43, line 27- page 44, line 2) 

A CEL is a single directed line defined within a pixel. The location and 
orientation of a CEL in a pixel is calculated as a function of the difference in gradients 
of reflection intensity as registered on neighboring pixels. Collections of CELs 
generally define boundaries between two populations within a pattem formed by a 
binary image (namely an image that comprises only two populations), and are operative 
to define the boundary to within a sub-pixel accuracy, (page 50, lines 18-23) 

The CEL to Vector comparison function compares reference vectors 
(polylines) obtained from a reference window to CELs existing in an online image of an 
object 4 (Fig. lA) under inspection. Based on the comparison, a determination is made 
whether a putative defect is a real defect or a false alarm, (page 75, lines 22-25) 

In accordance with an embodiment of the invention, the CEL to Vector 
comparison function preferably proceeds according to the following sequence: 

An inspection window, for example an inspection window 1000, is 
checked for the presence of CELs and to ensure that the number of CELs in the window 
does not exceed a maximum number of CELs that is permitted to be contained in the 
inspection window. Preferably, the number of CELs is calculated by counting the 
midpoint of each CEL. 
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Inspection window 1000 is checked for the presence of a reference 
polyline 1010. If inspection window 1000 does not include a polyline 1010, then a 
defect is returned. 

Preferably, polyline 1010 and collections of CELs 1030, 1040 and 1060 
are microregistered. 

Micro registration preferably proceeds as follows: 

Step 1100: each CEL 1110 located in an inspection window 1120 is 
checked, and those CELs 1110 that are inside one or more envelopes 1130 surrounding 
reference polyline 1240 are identified and appropriately tagged; 

Step 1200: each of the CELs 1110 that are inside an envelope 1130 are 
checked for direction. Each CEL whose direction, within an angular tolerance range 
provided by a configuration file based on inspection requirements, is the same as a 
polyline 1240, is denoted as a "matching" CEL 1210. 

Step 1300: A least squares calculation is performed on the distance 
between each matching CEL 1210 and its neighboring polyline, and the collection of 
CELs 1210 in the online image is moved relative to polyline 1140 until the value is 
minimized. When the value is minimized, the images are microregistered, as seen in 
Fig. 32B. 

Following microregistration, a CEL to Vector comparison is conducted 

as follows: 

Envelopes 1030 (Fig. 30A) are constructed around the reference 
polylines with a width equal to the value of a configuration variable. 

Subsequently, CELs 1040 are compared to envelopes 1030. If a CEL 
1040 is not found in any envelope a defect is reported. Preferably, each envelope 
records the number and length of all CELs 1040 that are present inside the envelope 
1030. If no CELs are recorded in a given envelope in an inspection window 1000, a 
defect indicating that the affected envelope is empty is reported for the midpoint of the 
envelope, (page 76, line 27- end of page 77) 
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ISSUES 

The issues presented for review are as follows. 

Applicant believes that the Examiner's understanding of the prior art is 

incorrect. 

If the prior art is correctly understood, the claims are novel and non- 
obvious over the art cited by the Examiner. 

GROUPING OF CLAIMS 

The claims have been rejected according to the following groups: 
Claims 1 and 2 (rejected under 35 U.S.C. 102(b) as being anticipated by 

Jacques (FR 2,687,091); and 

Claims 3-8 (rejected under 35 U.S.C. 103(a) as being unpatentable over 

Jacques (FR 2,687,091) in view of Aloni (U.S. 5,619,429)). 

ARGUMENT 

Claims 1 and 2 have been rejected under 35 U.S.C. 102(b) as being 
anticipated by Jacques (FR 2,687,091). Claims 3-8 stand rejected under 35 U.S.C. 
103(a) as being unpatentable over Jacques (FR 2,687,091) in view of Aloni (U.S. 
5,619,429). Each of these rejections is treated in a separate sub-section below. 

UNDERSTANDING OF THE PRIOR ART 

Rejections under 35 USC 102(b') - FR Patent No. 2,687,091 (Jacques) 

Claims 1 and 2 have been rejected under 35 U.S.C. 102(b) as being 
anticipated by Jacques (FR 2,687,091). 

The Jacques reference describes a process for computer assisted 
inspection of cutouts made in a tape by a cutout machine. The inspection method 
includes extracting contours (boundaries) defining the cutouts and making a polygonal 
approximation of the cutout. Segments of the polygonal approximation are vectorized, 
and the series of angles between successive segments are compared with corresponding 
angles in a theoretical cutout to detect defective cutouts. 
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The method of Jacques compares corresponding angles in two 
representations of a reference item. Jacques describes the method as follows: 

The inspection of successive cutouts, which are at least approximately 
polygonal, made in a tape from successive theoretical cutouts, 
includes, in a field passed through by the tape as it advances: image 
acquisition, binarization of this, contour extraction by Freeman 
coding, and then polygonal approximation. The segments of this 
polygonal approximation are then vectorized, and the series of angles 
between successive segments are compared with the series of angles 
of the theoretical cutouts of the same identification. (Abstract) 

Jacques further describes the algorithm on page 6, lines 17-18 (of the 
English translation) as follows: "the series of angles measured in the polygonal 
approximation is compared with the series of angles of a polygonal approximation of 
the theoretical cutout of the same identification." 

It is therefore clear that Jacques shows comparing a first series of angles 
to a second series of angles . Jacques does not in any way show or describe "comparing a 
location of at least some boundaries in the the second representation of boimdaries to a 
location of corresponding boimdaries in said at least partially vectorized first 
representation of boundaries" as required by claim 1. 

Thus, as noted hereinabove, claim 1 is distinquished from the prior art 
because there the comparison is not between a series of angles of a polygonal 
approximation , but rather between the location of a representation of a boundary to 
the location of a reference boundary. 

This difference, a comparison of a series of angles and a comparison of 
boundaries, is more than just semantics. For example, when comparison is based on the 
series of angles, the precise spatial location of the polygon and its size are not evaluated. 
However, when locations of boundaries in an object to be inspected are compared to the 
locations of boundaries in a corresponding reference, as claimed in claim 1, subject to a 
tolerance, the location and size of a polygon, as well as its shape, need to be the same as 
the reference polygon. 
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In the Office Action dated March 22, 2004 (paper number 10), the 
Examiner wrote: 

Regarding claim 1, Jacques discloses a method for inspecting objects 
including creating a reference image for a representative object, the 
reference image comprising an at least partially vectorized first 
representation of boundaries representing the representative object, 
acquiring an image of an object under inspection comprising a second 
representation of boundaries representing the object imder inspection, 
and comparing a location of at least some boundaries in the second 
representation of boxmdaries to the partially vestorized first 
representation of boundaries, thereby to identify defects (Abstract). 

The Examiner in the "Response to Argmnents" section of the above 
referenced Office Action wrote: 

Applicant describes the inspection method disclosed by Jacques as 
extracting contours of an object and making polygonal approximation 
in which the segments are vectorized; the series of angles between the 
successive segments are compared with corresponding angles in a 
reference object (Page 4). Comparing a corresponding angle between 
two edges compares a location of at least some boimdaries. Thereby, 
Jacques meets the claim limitation of comparing a location of at least 
some boundaries in the second representation of boundaries to a 
location of corresponding boundaries in said at least partially 
, vectorized first representation of boundaries. 

As noted above, the method of Jacques (FR 2,687,091) includes 
comparing a series of angles between successive segments in polygonal representation 
of a cutout to corresponding angles in a polygonal representation of a theoretical cutout. 
Applicant respectfully submits that Jacques (FR 2,687,091) fails to show or suggest 
comparing a location of at least some boundaries in a representation of boundaries in an 
object to be inspected to a location of corresponding boundaries in an af least partially 
vectorized representation of boundaries in a reference object. Applicant respectfully 
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submits that the comparison of angles of Jacques does not, as the Examiner suggests, 
meet the claims Umitation of comparing a location of at least some boundaries in the 

second representation of boundaries to a location of corresponding boundaries in said at 
least partially vectorized first representation of boimdaries. 

Rejections under 35 USC 103fa^ - FR Patent No. 2,687.091 (Jacques^ in view of US 
Patent No. 5,619,429 (AloniV 

Claims 3-8 (rejected under 35 U.S.C. 103(a) as being unpatentable over 
Jacques (FR 2,687,091) in view of Aloni (U.S. 5,619,429)). 

Jacques (FR 2,687,091) describes a process for computer assisted 
inspection of cutouts made in a tape by a cutout machine. The inspection method 
includes extracting contours (boundaries) defining the cutouts and making a polygonal 
approximation of the cutout. Segments of the polygonal approximation are vectorized, 
and the series of angles between successive segments are compared with corresponding 
angles in a theoretical cutout to detect defective cutouts. 

Aloni describes apparatus and a method for inspection of a patterned 
object by comparison of the object to a reference. The apparatus and method include 
hardware defect detection and software postprocessing. 

The features of the present invention discussed hereinabove vis-a-vis 
Jacques are also applicable to the system recited in claim 3. As discussed hereinabove, 
the present invention includes, as recited in claim 3, a software candidate defect 
inspector ... analyzing a location of boundaries in a representation of boimdaries. 

As noted above, the method of Jacques (FR 2,687,091) includes 
comparing a series of angles between successive segments in polygonal representation 
of a cutout to corresponding angles in a polygonal representation of a theoretical cutout. 
Applicant respectfiiUy submits that Aloni (U.S. 5,619,429) fails to show or suggest 
analyzing a location of boimdaries in the representation of boimdaries. Applicant thus 
submits that none of the prior art, alone or in combination, shows or suggests a software 
candidate defect ... analyzing a location of boundaries in a representation of 
boundaries, as recited in claim 3. 
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Summary and Conclusion 

Applicant respectfully submits that the correct understanding of the prior 
art method of Jacques clearly describes a method including comparing angles and not 
comparing boundaries. Thus claim 1, which includes the recitation of "comparing a 
location of at least some boundaries in the second representation of boundaries to a 
location of corresponding boundaries in said at least partially vectorized first 
representation of boundaries" is not shown or suggested by the prior art cited. 
Additionally, none of the prior art, either alone or in combination, shows or suggests, "a 
software candidate defect inspector ... analyzing a location of boundaries," as recited in 
claim 3. 

Inasmuch as claims 1 and 3 are deemed patentable over the cited prior 
art, Applicants respectfiiUy submit that claim 2, which depends from claim 1, and 
claims 4-8, which depend from claim 3, are also patentable over the cited prior art. 
Therefore, as discussed hereinabove, all of the claims of the present invention are novel 
and non-obvious over the art cited by the Examiner. 




JULIAN COHEN 
c/o LADAS & PARRY 
26 WEST 61st STREET 
Nl:W YORK, N, Y 10023 
Reg. No. 20302 (212) 708-1887 
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APPENDIX 



This Appendix includes all claims in their present state. 

1. A method for inspecting objects, the method comprising: 

creating a reference image for a representative object, said reference 
image comprising an at least partially vectorized first representation of boundaries 
representing said representative object; 

acquiring an image of an object under inspection comprising a second 
representation of boundaries representing said object under inspection; and 

comparing a location of at least some boxmdaries in the second 
representation of boundaries to a location of corresponding boundaries in said at least 
partially vectorized first representation of boundaries, thereby to identify defects. 

2. A method according to claim 1 wherein the comparing employs a user- 
selected variable threshold for acceptable distance between corresponding portions of 
the boundaries in the first and second representations. 

3. A system for image processing comprising: 

a boundary identifier operative to generate a representation of boxmdaries 
of known elements in the image; 

a hardware candidate defect identifier operative to identify at least some 
candidate defects in the image, in hardware; and 

a software candidate defect inspector receiving an output from the 
hardware candidate defect identifier and analyzing a location of boundaries in said 
representation of boundaries to identify at least one false alarm within said output, in 
software. 
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4. A system according to claim 3 wherein the boundary identifier comprises 
a hardware boundary identifier operative to generate a representation of boundaries of 
known elements in the image, in hardware. 

5. A system according to claim 3 and also comprising a software candidate 
defect identifier operative to identify additional candidate defects in the image, in 
software. 

6. A system according to claim 5 wherein the software candidate defect 
inspector also receives a second output from the software candidate defect identifier and 
uses the representation of boundaries to identify at least one false alarm within said 
second output, in software. 

7. A system according to claim 3 wherein said hardware candidate defect 
identifier employs said representation of boundaries in order to identify at least some 
candidate defects. 

8. A system according to claim 5 wherein said software candidate defect 
identifier employs said representation of boundaries in order to identify at least some 
candidate defects. 

9. -33. (Cancelled) 
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